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Prevalence of and Risk Factors for Degenerative Mitral Valve
Disease in Dogs Attending Primary-care Veterinary Practices in
England
M.J. Mattin, A. Boswood, D.B. Church, J. L
opez-Alvarez, P.D. McGreevy, D.G. O’Neill,
P.C. Thomson, and D.C. Brodbelt
Background: To date, epidemiological studies on degenerative mitral valve disease (DMVD) in dogs have largely reported
referral caseloads or been limited to predisposed breeds. Analysis of primary-care data to identify factors associated with
DMVD would help clinicians identify high-risk individuals and improve understanding.
Objectives: To estimate the prevalence of and identify risk factors for DMVD in dogs attending primary-care veterinary
practices in England.
Animals: Cases were identiﬁed within the electronic patient records of 111,967 dogs attending 93 practices. Four hundred
and 5 dogs were diagnosed with DMVD (diagnosed cases) and a further 3,557 dogs had a heart murmur (HM) consistent
with DMVD (possible cases).
Methods: Retrospective cross-sectional study design. Prevalence was adjusted for the sampling approach. Mixed eﬀects
logistic regression models identiﬁed factors associated with DMVD.
Results: Prevalence estimates of diagnosed DMVD and HMs consistent with DMVD (both diagnosed and possible cases)
were 0.36% (95% conﬁdence interval [CI]: 0.29–0.45) and 3.54% (95% CI: 3.26–3.84) respectively. In the multivariable analysis, males had higher odds of diagnosed DMVD than did females (odds ratio [OR] 1.40, 95% CI: 1.12–1.74). Insured dogs
had increased odds of DMVD compared with noninsured dogs (OR 3.56, 95% CI: 2.79–4.55) and dogs ≥20 kg had approximately half the odds of DMVD diagnosis compared with dogs <20 kg (OR 0.51, 95% CI: 0.36–0.74). Strong associations
between a DMVD diagnosis and individual breeds and age were identiﬁed.
Conclusions and Clinical Importance: Degenerative mitral valve disease was a common disorder in practice-attending dogs.
Knowledge of identiﬁed risk factors for DMVD could improve clinical diagnosis and direct future research.
Key words: Canine; Cardiac; Epidemiology; Primary-care practice.

egenerative mitral valve disease (DMVD) is widely
accepted to be the most common cardiovascular
disorder in dogs. Published estimates of prevalence are
currently limited to populations of high-risk breeds,1–4
derived from teaching hospitals5 or based on studies
conducted several decades ago.6–9 These estimates range
from 3.5% based on electronic patient record (EPR)
data5 to over 50% based on the presence of valvular
lesions at postmortem examination.8 The prevalence of
DMVD in the general population of dogs currently
attending primary-care practices in England might diﬀer
from these values. Provision of population-based estimates would be of much greater relevance to clinicians
and researchers and are critical to assessing disease
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impact. In the clinical setting, prevalence can inform the
diagnostic process.10,11 Knowledge of the likelihood of
disease based on prevalence estimates as well as predisposing risk factors, such as breed, can aid the clinician
in advising clients on the probability of an animal having DMVD and also help direct veterinarians’ recommendations of further tests to those most likely to
beneﬁt from them. The design of screening programs
might also be guided by prevalence estimates, as this
will inﬂuence which diagnostic tests are most appropriate in a given situation and which populations should
be screened.12
Previous studies have identiﬁed several risk factors
for DMVD. The disorder predominantly aﬀects small
breed dogs,13 although large breeds can also be
aﬀected.14 The prevalence of DMVD has been found to
increase with age6,8,15,16 and can approach 100% in
geriatric populations of high-risk breeds.8,15 Males are
over-represented in some epidemiological studies4,5,17
but statistically signiﬁcant diﬀerences between the sexes
are not consistently reported.3,6 The current literature
lacks multivariable analyses of risk factors for DMVD
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diagnosis in England that adjust for the eﬀect of other
confounding variables. Further evaluation of associations between demographic factors and DMVD might
aid clinical diagnosis and generate hypotheses for
further research.
The Veterinary Companion Animal Surveillance System (VetCompass)18 collates de-identiﬁed EPR data
from primary-care veterinary practices in the UK.
Analysis of this large data resource would allow
DMVD prevalence to be estimated and major risk factors for the disease to be identiﬁed, as has been demonstrated for other disorders in companion animals.19–21
It was hypothesized that the breeds most commonly
reported to be at increased risk of DMVD in the current literature, Cavalier King Charles Spaniels
(CKCS),1,3,5,15,16,22 Dachshunds,4,5,23,24 and Poodles,5,17
would have the highest odds of DMVD among purebred dogs in the VetCompass population. Moreover,
small-breed dogs (<20 kg) and male dogs would have
higher odds of DMVD than large-breed dogs and
females respectively.
The aims of this study were to:
1
2

Estimate the prevalence of DMVD in a population
of practice-attending dogs in England.
Identify risk factors for DMVD diagnosis in the
primary-care setting.

Materials and Methods
Electronic patient records from veterinary practices sharing data
with VetCompass were reviewed retrospectively. The practices were
primary-care companion animal clinics, mainly located in central
and southeast England. The denominator population for the overall
prevalence estimate consisted of all dogs attending participating
practices between 1st January 2010 and 31st December 2011. The
study population for the risk factor study was restricted by age to
dogs at least 1 year old at the last consultation. Data shared
included demographic (date of birth, sex, breed, bodyweight, insurance status, microchip number, partial postcode, veterinary clinic
ID) and clinical data (free-text clinical notes, VeNom diagnostic
terms,25 treatments prescribed). Sample size calculations estimated
that 246 cases and 61,015 noncases would be required to identify an
odds ratio (OR) of 2 for an explanatory variable to which 5% of
noncases were exposed at a conﬁdence level of 95% and a power of
80% (Epi Info 7, CDC). The study received ethics approval from
the Royal Veterinary College Ethics and Welfare Committee.
Two case deﬁnitions were developed to account for diﬀerent
levels of diagnosis: diagnosed DMVD and possible DMVD cases.
Diagnosed DMVD cases were deﬁned as dogs with a diagnosis of
DMVD (or synonym) in their clinical notes or VeNom diagnostic
terms. Possible DMVD cases were deﬁned as dogs over 1 year old
with a documented heart murmur (HM) consistent with DMVD,
without a speciﬁed cardiac diagnosis. Possible cases were restricted
by age to avoid inclusion of dogs with HMs because of congenital
disease. Dogs reported to have continuous or diastolic murmurs
were excluded as possible cases; as were dogs that had murmurs
detected only during pregnancy or clinically important systemic
disease (moderate to severe anemia, pyrexia, severe hypovolemia,
or dehydration). Dogs with murmurs or mitral valve regurgitation
because of other diagnosed cardiac disorders were excluded. The
point of maximal intensity, which relates to the thoracic location
where the HM is heard most loudly, was not used as an exclusion
criterion. Diagnosed and possible DMVD cases were combined to

form a population of dogs with HMs consistent with DMVD,
hereafter described as HM cases. Where available, the EPRs of all
diagnosed cases until May 2014 were examined in detail. The
diagnostic tests performed and the types of cardiac medications
prescribed were extracted where available.
Data were checked and cleaned in a spreadsheet (Microsoft
Oﬃce Excel 2010),a and exported to Stata Version 13b for analysis.
Prevalence and 95% conﬁdence intervals (95% CI) were calculated
for dogs with diagnosed DMVD and for HM cases. Prevalence
was adjusted for clustering at the practice level.26 Descriptive statistics were calculated to characterize the cross-sectional study population. Breed, sex, insurance status, age at last consultation and
maximum recorded bodyweight (kg) were evaluated as explanatory
variables in the risk factor study. The expected number of HM
cases for each breed was calculated by multiplying the total number of individuals within the breed by the overall prevalence of
HM cases. Breeds that had a sum of observed and expected cases
>50 dogs were evaluated individually in the analysis. Less common
breeds were combined into a “purebred other” category. Some
breeds were combined to increase statistical power. For example,
Poodles included both miniature and standard varieties. Age at last
consultation (years) was categorized into rounded quintiles (1.0 to
<4.0, 4.0 to <7.0, 7.0 to <10.0, 10.0 to <13.0 and ≥13.0). Maximum
bodyweight was further dichotomized based on the median of the
entire population, for statistical eﬃciency (<20.0 and ≥20.0 kg).
Dogs without a documented bodyweight or insurance status were
included in “not recorded” categories. Univariable and multivariable logistic regression models were used to identify explanatory
variables associated with DMVD. Separate models were created
for HM cases and for diagnosed cases only. Variables signiﬁcant
at the 20% level in univariable analyses were taken forward for
consideration in mixed eﬀects multivariable models. Manual backward stepwise regression was used to sequentially eliminate variables with a P-value > .05 in the multivariable model.12
Interactions between explanatory variables were also evaluated.
Veterinary clinic was assessed as a random eﬀect to account for
clustering at the practice-level, and the magnitude of the clustering
was measured by the intraclass correlation (rho).12 The stability of
the quadrature approximation in the model ﬁtting algorithm was
assessed.26 The use of the Firth logit method allowed inference of
ORs and CIs when complete separation (zero cells) occurred.27
The Hosmer-Lemeshow test and the area under ROC curves were
used to assess model ﬁt and predictive ability respectively.

Results
Prevalence Estimates
The denominator population consisted of 111,967
dogs attending 93 veterinary clinics from 1st January
2010 to 31st December 2011. Four hundred and 5 dogs
were identiﬁed as having diagnosed DMVD, giving a
prevalence, adjusted for the clustering eﬀect of clinic, of
0.36% (95% CI: 0.29–0.45). A further 3,557 dogs were
classiﬁed as possible cases, having a HM consistent with
DMVD recorded within their EPRs. A total of 3,962
dogs were HM cases (possible or diagnosed DMVD),
giving a prevalence, adjusted for the clustering eﬀect of
clinic, of 3.54% (95% CI: 3.26–3.84).

Descriptive Statistics and Risk Factors for Diagnosed
Degenerative Mitral Valve Disease Cases
The mean age at which DMVD was diagnosed or the
presence of a HM was ﬁrst recorded in 116 incident
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cases (newly diagnosed during the study period) was
9.5 years (standard deviation 3.2 years). Two hundred
and ﬁfty-two (62.2%) dogs with diagnosed DMVD
were male and 264 (68.9%) were insured. The median
bodyweight was 10.9 kg (interquartile range [IQR] 8.3–
15.8 kg). The breeds most frequently diagnosed with
DMVD were CKCS (n = 131, 32.4% of dogs with diagnosed DMVD), crossbreds (n = 45, 11.1%), Yorkshire
Terriers (n = 25, 6.2%), and Jack Russell Terriers
(n = 22, 5.4%). Veterinary surgeons recorded heart rate
at least once in 331 (81.7%) dogs diagnosed with
DMVD. Heart murmur intensity was graded (I–VI) in
361 (89.1%) dogs. During the period of data collection,
echocardiography was the most frequently performed
diagnostic procedure after thoracic auscultation, with
62.5% of diagnosed cases being conﬁrmed by echocardiogram (Fig 1). Two hundred and ninety (71.6%) dogs
diagnosed with DMVD received at least 1 treatment for
their cardiac disease: ACE inhibitor (n = 218, 53.8%),
frusemide (n = 216, 53.3%), pimobendan (n = 210,
51.9%), spironolactone (n = 108, 26.7%), amlodipine
(n = 18, 4.4%), amiloride with hydrochlorothiazide
(n = 11, 2.7%), digoxin (n = 9, 2.2%), beta-blocker
(n = 2, 0.5%), aspirin (n = 1, 0.2%), heparin (n = 1,
0.2%), lignocaine (n = 1, 0.2%), mexiletine (n = 1,
0.2%), nitroglycerin cream (n = 1, 0.2%). The majority
(n = 123/156, 78.8%) of dogs starting treatment during
the study period had at least 1 clinical sign that could
be attributable to DMVD recorded at the time treatment was initiated (Fig 2).
The cross-sectional study population for diagnosed
DMVD cases contained 90,605 dogs. Of these, 15,632
(17.3%) dogs did not have an insurance status recorded

Fig 1. Diagnostic procedures undertaken in 405 dogs diagnosed
with degenerative mitral valve disease attending primary-care practices in England.
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Fig 2. Presence or absence of clinical signs and whether diagnostic testing (excluding physical examination) was undertaken when
treatment for DMVD was initiated in 156 dogs attending primarycare practices in England.

and 22,067 (24.4%) dogs did not have a documented
bodyweight. Other variables had <0.2% missing data
(Table 1). Breed, sex, insurance status, age, and bodyweight were all strongly associated with diagnosed
DMVD in the univariable analysis (Table 2). Although
Rottweilers were a popular breed (sum of observed and
expected cases >50 dogs), none were diagnosed with
DMVD, so this breed was incorporated into the “purebred other” category in the logistic regression models.
The ﬁnal multivariable model for factors associated
with a diagnosis of DMVD contained observations for
90,464 dogs and included the following explanatory
variables: breed, sex, insurance status, age at last consultation, and maximum bodyweight (Table 3). Cavalier
King Charles Spaniel, King Charles Spaniels, Chihuahuas, Whippets, Poodles, Shih Tzus, Yorkshire Terriers,
and Border Collies had statistically signiﬁcant increased
odds of DMVD diagnosis compared with crossbred
dogs (Table 4); whereas Labrador Retrievers had lower
odds. Males had higher odds of DMVD than females
(OR 1.40, 95% CI: 1.12–1.74, P = .0024). Insured dogs
had more than 3 times the odds of DMVD diagnosis
compared with noninsured dogs (OR 3.56, 95% CI:
2.79–4.55, P < .001). Dogs weighing 20 kg or more had
approximately half the odds of DMVD compared with
lighter dogs (OR 0.51, 95% CI: 0.36–0.74, P < .001). A
strong, positive association between increasing age and
DMVD diagnosis was identiﬁed (P < .001). No signiﬁcant interactions were detected. Veterinary clinic was
included as a random eﬀect as clustering was signiﬁcant
(rho = 0.17, 95% CI: 0.11–0.25, P < .001). The choice
of quadrature points did not signiﬁcantly aﬀect the outcome (coeﬃcients did not change more than a relative
diﬀerence of 0.01%).26 The Hosmer-Lemeshow test
indicated poor model ﬁt (P < .001) but the area under
the ROC curve was considered good (AUC = 0.93).
Using the Firth logit method, it was estimated that Rottweilers had 0.15 times the odds of DMVD diagnosis
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Table 1. Descriptive statistics for 405 dogs diagnosed with DMVD within a population of dogs attending primarycare practices in England.
Median (IQR) or Number (%)

Variable

Diagnosed DMVD
Cases (n = 405)

Breed (crossbred)
Sex (male)
Insurance status (insured)
Age at last consultation (years)
Maximum bodyweight (kg)

45
252
264
10.60
10.90

(11.11)
(62.22)
(68.93)
(8.35–12.71)
(8.3–15.75)

Noncases (n = 90,200)
16,242
46,949
30,406
5.24
18.70

(18.01)
(52.05)
(33.71)
(2.65–9.00)
(9.50–29.30)

Number (%) of Dogs with Missing Data
Diagnosed
DMVD Cases
0
0
22
0
25

(0.00)
(0.00)
(5.43)
(0.00)
(6.17)

Noncases
28
0
15,610
121
22,042

Total Cross-sectional
Study Population

(0.03)
(0.00)
(17.31)
(0.13)
(24.44)

28
0
15,632
121
22,067

(0.03)
(0.00)
(17.25)
(0.13)
(24.36)

IQR, interquartile range; DMVD, degenerative mitral valve disease.

Table 2. Univariable logistic regression analysis results for risk factors associated with diagnosed DMVD (405
cases) within a population of dogs attending primary-care practices in England.
Variable

Cases
n (%)

Noncases
n (%)

OR

95% CI

P-value

(1.82)
(0.35)
(0.45)
(0.91)
(3.29)
(1.65)
(1.39)
(0.79)
(1.09)
(3.04)
(0.88)
(3.91)
(3.15)
(7.09)
(18.01)
(1.21)
(1.21)
(0.90)
(19.66)
(2.32)
(1.17)
(1.49)
(10.02)
(7.85)
(2.47)
(3.87)

28.74
20.56
5.28
3.94
3.05
2.91
2.60
2.53
2.20
2.11
1.82
1.33
1.27
1.24
Baseline
1.00
1.00
0.89
0.88
0.69
0.68
0.54
0.32
0.25
0.16
0.10

20.41–40.48
11.80–35.92
2.24–12.45
1.92–8.09
1.86–4.97
1.54–5.52
1.27–5.32
1.00–6.39
0.94–5.17
1.19–3.74
0.65–5.07
0.72–2.47
0.64–2.53
0.75–2.07
–
0.31–3.21
0.31–3.19
0.22–3.68
0.58–1.33
0.25–1.92
0.17–2.82
0.13–2.21
0.15–0.68
0.10–0.64
0.02–1.18
0.01–0.75

<.001

153 (37.78)
252 (62.22)

43,251 (47.95)
46,949 (52.05)

Baseline
1.52

–
1.24–1.86

119 (29.38)
264 (65.19)
22 (5.43)

44,184 (48.98)
30,406 (33.71)
15,610 (17.31)

Baseline
3.22
0.52

–
2.60–4.00
0.33–0.82

<.001

11
45
114
141
94

34,352
22,095
15,363
11,107
7,162

(38.14)
(24.53)
(17.06)
(12.33)
(7.95)

Baseline
6.36
23.17
39.64
40.99

–
3.29–12.30
12.48–43.04
21.46–73.25
21.94–76.58

<.001

36,103 (40.03)
32,055 (35.54)
22,042 (24.44)

Baseline
0.23
0.13

–
0.17–0.30
0.09–0.19

<.001

a

Breed
Cavalier King Charles Spaniel
King Charles Spaniel
Whippet
Poodle
Yorkshire Terrier
Shih Tzu
Chihuahua
Miniature Schnauzer
Dachshund
Border Collie
Lhasa Apso
Cocker Spaniel
West Highland White Terrier
Jack Russell Terrier
Crossbred
Bichon Frise
Border Terrier
Lurcher
Purebred other
Golden Retriever
Greyhound
Boxer
Labrador Retriever
Staﬀordshire Bull Terrier
English Springer Spaniel
German Shepherd
Sex
Female
Male
Insurance status
Not insured
Insured
Not recorded
Age at last consultation (years)
1.0 to <4.0
4.0 to <7.0
7.0 to <10.0
10.0 to <13.0
≥13.0
Maximum bodyweight (kg)
<20.00
≥20.00
Not recorded

131
18
6
9
25
12
9
5
6
16
4
13
10
22
45
3
3
2
43
4
2
2
8
5
1
1

(32.35)
(4.44)
(1.48)
(2.22)
(6.17)
(2.96)
(2.22)
(1.23)
(1.48)
(3.95)
(0.99)
(3.21)
(2.47)
(5.43)
(11.11)
(0.74)
(0.74)
(0.49)
(10.62)
(0.99)
(0.49)
(0.49)
(1.98)
(1.23)
(0.25)
(0.25)

(2.72)
(11.11)
(28.15)
(34.81)
(23.21)

316 (78.02)
64 (15.80)
25 (6.17)

1,645
316
410
824
2,963
1,486
1,251
714
985
2,739
794
3,523
2,838
6,391
16,242
1,088
1,095
811
17,727
2,096
1,057
1,347
9,031
7,079
2,229
3,491

OR, odds ratio; CI; conﬁdence intervals; DMVD, degenerative mitral valve disease.
a
Breeds with statistically signiﬁcant associations with DMVD diagnosis (P < .05) are shown in bold.
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Table 3. Multivariable logistic regression model for
risk factors associated with diagnosed DMVD in dogs.
Variable

OR

95% CI

P-value

a

Breed
Cavalier King
47.37
31.56–71.09
Charles Spaniel
King Charles Spaniel
36.49
18.90–70.47
Chihuahua
6.16
2.85–13.30
Whippet
4.73
1.88–11.87
Poodle
2.92
1.38–6.17
Shih Tzu
2.89
1.47–5.67
Miniature Schnauzer
2.27
0.86–5.95
Yorkshire Terrier
2.15
1.28–3.61
Border Collie
2.02
1.12–3.63
Dachshund
1.53
0.63–3.72
Lhasa Apso
1.19
0.41–3.41
Jack Russell Terrier
1.15
0.67–1.97
Purebred other
1.09
0.71–1.67
Cocker Spaniel
1.05
0.55–1.99
Crossbred
Baseline
–
Greyhound
0.98
0.23–4.16
Border Terrier
0.90
0.27–2.95
Lurcher
0.89
0.21–3.74
Boxer
0.88
0.21–3.73
Bichon Frise
0.73
0.22–2.40
West Highland
0.65
0.32–1.33
White Terrier
Golden Retriever
0.55
0.19–1.59
Staﬀordshire
0.42
0.16–1.06
Bull Terrier
Labrador Retriever
0.40
0.18–0.87
English Springer Spaniel
0.17
0.02–1.22
German Shepherd
0.15
0.02–1.11
Sex
Female
Baseline
–
Male
1.40
1.12–1.74
Insurance status
Not insured
Baseline
–
Insured
3.56
2.79–4.55
Not recorded
0.53
0.32–0.88
Age at last consultation (years)
1.0 to <4.0
Baseline
4.0 to <7.0
7.03
3.60–13.72
7.0 to <10.0
38.24
20.29–72.08
10.0 to <13.0
101.61
53.79–191.94
≥13.0
150.76
78.11–290.96
Maximum bodyweight (kg)
<20.00
Baseline
–
≥20.00
0.51
0.36–0.74
Not recorded
0.20
0.13–0.31
Veterinary clinic (included as a random eﬀect)
Rho
0.17
0.11–0.25

<.001

.0024

<.001

<.001

.001

<.001

OR, odds ratio; CI, conﬁdence intervals; DMVD, degenerative
mitral valve disease.
a
Breeds with statistically signiﬁcant associations with DMVD
diagnosis (P < .05) are shown in bold.

compared with crossbred dogs in univariable analysis
(OR 0.15, 95% CI: 0.01–2.51) and 0.44 times the odds
of DMVD diagnosis compared with crossbred dogs in
the multivariable model (OR 0.44, 95% CI: 0.03–7.26).
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Descriptive Statistics and Risk Factors for Heart
Murmur Cases
Heart murmur cases consisted of 405 (10.2%) dogs
with diagnosed and 3,557 (89.8%) dogs with possible
DMVD. Males accounted for 2,166 (54.7%) HM cases
and 1,515 (40.4%) of these dogs were insured. The median bodyweight was 11.6 kg (IQR 8.1–20.0 kg). The
most frequently diagnosed breeds were crossbred dogs
(n = 677, 17.1%), CKCS (n = 657, 16.6%), Jack Russell
Terriers (n = 322, 8.1%), and Yorkshire Terriers
(n = 215, 5.4%).
The ﬁnal multivariable model for factors associated
with HM cases contained observations for 94,018 dogs
and contained the following explanatory variables:
breed, sex, insurance status, age at last consultation,
and maximum bodyweight. Cavalier King Charles
Spaniel, King Charles Spaniels, Chihuahuas, Boxers,
Whippets, Miniature Schnauzers, Poodles, Shih Tzus,
Greyhounds, Lurchers, Bichon Frises, Dachshunds, and
Yorkshire Terriers had increased odds of being a HM
case compared with crossbred dogs. Border Terriers,
Golden Retrievers, German Shepherd Dogs, Rotweillers, West Highland White Terriers, Staﬀordshire Bull
Terriers, and Labrador Retrievers had decreased odds
compared with crossbred dogs. Males had slightly
higher odds of being a HM case than females (OR 1.15,
95% CI: 1.08–1.24, P < .001). Dogs that were insured
were more likely to be recorded as having a HM consistent with DMVD than noninsured dogs (OR 1.25, 95%
CI: 1.15–1.35, P < .001). An interaction was found
between age group and bodyweight (P < .001). The
odds of being a HM case were slightly higher in young
(<4 years) heavier dogs (≥20 kg) compared with young
dogs that were lighter; whereas the odds of being a HM
case were higher in older dogs (>7 years) that were
lighter (<20 kg) compared with older dogs that were
heavier.
Veterinary clinic was included as a random eﬀect as
clustering was signiﬁcant (rho = 0.05, 95% CI: 0.03–
0.06, P < .001). The Hosmer-Lemeshow test indicated
poor model ﬁt (P < .001), but the area under the ROC
curve was considered good (AUC = 0.86).

Discussion
This study identiﬁed a high prevalence of HMs consistent with DMVD in a large cohort of dogs attending
primary-care practices in England. Several demographic
risk factors, including breed, sex, age, and bodyweight
were independently associated with DMVD, as was
whether a dog was insured or not. Clustering at the
clinic level was observed, suggesting variation in the
diagnosis of this condition across practices.
The prevalence of HMs consistent with DMVD in
the current study (3.54%, 95% CI: 3.26–3.84) is similar
to that based on clinical record data from a teaching
hospital (3.5%),5 but lower than ﬁgures derived from
postmortem examinations (34.4–69.7%).7–9 These discrepancies might be because of under-reporting of HMs
within EPRs, geographical, or temporal variation,
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Table 4. Breeds with the highest odds of diagnosed DMVD and HMs consistent with DMVD in multivariable
logistic regression analyses.
Diagnosed DMVD Cases

HM Cases

Breed

ORa

95% CI

Breed

OR

95% CI

Cavalier King Charles Spaniel
King Charles Spaniel
Chihuahua
Whippet
Poodle
Shih Tzu
Miniature Schnauzer
Yorkshire Terrier
Border Collie
Dachshund

47.37
36.49
6.16
4.73
2.92
2.89
2.27
2.15
2.02
1.53

31.56–71.09
18.90–70.47
2.85–13.30
1.88–11.87
1.38–6.17
1.47–5.67
0.86–5.95
1.28–3.61
1.12–3.63
0.63–3.72

Cavalier King Charles Spaniel
King Charles Spaniel
Chihuahua
Boxer
Whippet
Miniature Schnauzer
Poodle
Shih Tzu
Greyhound
Lurcher

18.72
16.14
4.17
4.12
2.56
2.15
1.87
1.82
1.78
1.68

16.13–21.73
12.09–21.55
3.22–5.40
3.29–5.16
1.74–3.76
1.54–3.01
1.43–2.45
1.43–2.32
1.32–2.41
1.22–2.31

DMVD, degenerative mitral valve disease; HM, heart murmur cases (dogs with heart murmurs consistent with DMVD); OR, odds ratio;
CI, conﬁdence intervals a the baseline group for odds ratios is crossbred dogs.

diﬀerent methods of case detection and case deﬁnitions
as well as diﬀerent denominator populations. Dogs
included in postmortem studies are likely to be older
and this will have a marked eﬀect on the observed prevalence of disease. Although case detection in the current
study might have lacked sensitivity, the apparent prevalence of HMs consistent with DMVD was still considerable, reﬂecting a signiﬁcant veterinary concern. Whilst
HMs were frequently recorded, the minority of these
cases had a speciﬁc diagnosis of DMVD. A study which
utilized insurance data to explore cardiac-related mortality also reported that many cardiac diagnoses were
nonspeciﬁc.22 These ﬁndings suggest that the majority
of dogs with HMs do not undergo further investigations
to conﬁrm the underlying cardiac diagnosis and veterinarians frequently do not make a presumptive diagnosis
based on the presence of a murmur alone.
The data support our hypothesis that CKCS and
Poodles have among the highest odds of DMVD.
Exploratory analysis of separate Poodle varieties suggested similar odds of DMVD diagnosis for the diﬀerent sizes and hence these were combined into a single
Poodle category to improve statistical power. Previous
studies4,5,23,24 have also identiﬁed Dachshunds as being
predisposed to DMVD. Dachshunds had signiﬁcantly
higher odds of being HM cases than crossbreds in the
current study (OR 1.42, 95% CI: 1.06–1.90). Although
the magnitude of eﬀect for this breed was similar in the
diagnosed DMVD model, this association was not statistically signiﬁcant (OR 1.53, 95% CI: 0.63–3.72), perhaps because the latter model had insuﬃcient power to
detect such a modest diﬀerence. In agreement with previous studies, the models for both diagnosed DMVD
and HM cases identiﬁed that CKCS,1,3,5,15,16,22 King
Charles Spaniels,5 Chihuahuas,5,17 Whippets,5 Poodles,5,17 and Shih Tzus4 are predisposed to DMVD.
Yorkshire Terriers also had higher odds of both diagnosed DMVD and HM detection than crossbred dogs
in the current study. The latter breed association has
not, to the authors’ knowledge, been reported although
a study has found that 8.5% of 165 adult Yorkshire
Terriers in France had left apical systolic murmurs.4
Border Terriers, Golden Retrievers, German Shepherd

Dogs, Rotweillers, West Highland White Terriers, Staffordshire Bull Terriers, and Labrador Retrievers all had
signiﬁcantly lower odds of being HM cases than crossbred dogs. With the exception of Labrador Retrievers,
these associations were not statistically signiﬁcant in the
diagnosed DMVD model. However, many of these
breeds were among those with the lowest odds of diagnosed DMVD, probably reﬂecting a type II error
because of lower power in the latter model. In agreement, analysis of clinical records from a teaching hospital in Scotland5 also identiﬁed German Shepherd Dogs,
West Highland White Terriers, and Labrador Retrievers
as having a reduced risk of DMVD. There were some
notable diﬀerences between the logistic regression models evaluating risk factors for diagnosed DMVD and
HM cases. Boxers, Miniature Schnauzers, Greyhounds,
Lurchers, Bichon Frises, and Dachshunds had signiﬁcantly increased odds of being HM cases, but not being
diagnosed with DMVD. These diﬀerences might be
because of misclassiﬁcation eg, Boxers are reported to
be predisposed to aortic stenosis28 and sight hounds are
reported to frequently have physiological murmurs.29,30
Alternatively, the diagnosed DMVD model might have
had limited power to detect associations because of the
smaller number of DMVD cases recorded for certain
breeds. Conversely, Border Collies had signiﬁcantly
higher odds of having diagnosed DMVD, but not being
a HM case. Veterinary practitioners might be more or
less likely to attribute a diagnosis of DMVD to an individual based on preconceived knowledge of breed associations and might be more or less likely to consider a
HM based on whether a given breed has been reported
to suﬀer from cardiac conditions. For example, CKCS
had over 40 times the odds of being diagnosed with
DMVD and less than 20 times the odds of being a HM
case compared with crossbred dogs. This is likely to
reﬂect widespread awareness of this breed predisposition among practitioners and consequently a conﬁdence
to record a diagnosis of DMVD in a dog of this breed
presenting with a murmur consistent with this condition. An alternative approach to categorization would
be to combine breeds into UK Kennel club breed
groups.31 Whilst increasing the statistical power of each
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category, this level of classiﬁcation does not represent
suﬃciently biologically homogenous groups. Loss of
speciﬁc breed associations also limits the application of
the results when assessing an individual’s risk of
DMVD in practice and when designing breed-speciﬁc
screening programs.
The association between bodyweight and DMVD
identiﬁed in the diagnosed DMVD cases and reported
in the literature13 was not found in the younger age
strata in the current model for HM cases. It is possible
that the interaction between age and bodyweight identiﬁed in this model reveals that younger dogs with HMs
might be more likely to have alternative cardiac disorders and have been misclassiﬁed as possible DMVD
cases.
Males had signiﬁcantly higher odds compared with
females for both diagnosed DMVD (1.40, 95% CI:
1.12–1.74, P = .0024) and being HM cases (OR 1.15,
95% CI: 1.08–1.24, P < .001), which concurs with previous studies.4,5,17 Whilst the magnitude of this diﬀerence is unlikely to be clinically signiﬁcant, it raises
questions on the inﬂuence of sex on the etiology, age of
onset, and pathophysiology of the disorder and warrants further research.
Being insured was associated with being a HM case
(OR 1.25, 95% CI: 1.15–1.35, P < .001). An even stronger association was identiﬁed between insurance status
and diagnosed DMVD (OR 3.56, 95% CI: 2.79–4.55,
P < .001). This suggests that insured dogs might be
more likely to undergo examinations and diagnostic
procedures. However, noncases had a higher proportion
of missing insurance data compared with cases. If these
values were missing systematically, this might bias the
associations between insurance status and DMVD. This
might have occurred if insured animals with an abnormality such as a HM were more likely to have their
insurance status recorded than insured healthy animals,
as dogs with abnormalities might require costly diagnostics or treatments necessitating an insurance claim.
Including veterinary clinic in the logistic regression
models improved model ﬁt, suggesting that practicelevel factors inﬂuenced the outcome independently of
the other explanatory variables included in the model.
The intraclass correlation coeﬃcient (rho) was higher in
the diagnosed DMVD model (rho = 0.17, 95% CI:
0.11–0.25), than the HM case model (rho = 0.05, 95%
CI: 0.03–0.06), indicating that the veterinary practice
attended had more impact on whether a dog was diagnosed with DMVD than whether a HM consistent with
DMVD was recorded in the EPRs.
There were some limitations to this study. Data were
not originally recorded for research purposes and were
analysed retrospectively. If a practitioner did not perform
thoracic auscultation or transcribe the DMVD diagnosis
or the presence of a HM into the EPR, an aﬀected dog
would fail to be included as a case. Equally, some dogs
classiﬁed as cases could have had alternative causes for
the HM. Echocardiography, which provides a deﬁnitive
diagnosis of DMVD,32 was performed on 62.5% of diagnosed DMVD cases. However, the presence of a left
apical systolic HM in a dog of typical signalment alone is
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highly suggestive of DMVD.33 Furthermore, logistic
regression models only including echocardiogram-conﬁrmed cases yielded the same conclusions as the diagnosed DMVD model (data not shown). The speciﬁcity of
the diagnosed DMVD case deﬁnition is therefore likely
to be high. The case deﬁnition for possible DMVD cases
was more general, suggesting lower speciﬁcity, and
included any dog more than 1 year old with a documented HM, that was not diastolic or continuous, in the
absence of evidence of an alternative diagnosis. The age
and bodyweight distributions were generally similar
between diagnosed and possible DMVD cases, suggesting that most of the possible but unconﬁrmed cases were
likely to have DMVD (unless there is another highly prevalent cause of murmurs in this population which occurs
with similar age and bodyweight distribution to DMVD).
In addition, 8 speciﬁc breed associations were identiﬁed
in both the diagnosed and HM models. However, the
interaction between age and bodyweight, and the breed
associations observed in dogs previously reported to be
predisposed to alternative cardiac disorders in the HM
model, indicate that there might have been some misclassiﬁcation of possible cases. The breed associations identiﬁed uniquely in the HM model should therefore be
interpreted with caution. The diﬀerences in breed and
weight distribution in the models might highlight the type
of dog in which veterinarians should more actively consider causes of murmurs other than DMVD to be most
likely, therefore in sight-hounds, boxers and larger, younger dogs alternative explanations for an audible murmur
should be sought. There might also have been misclassiﬁcation of explanatory variables. However, when the
EPRs of approximately 3,000 dogs within the VetCompass database were cross-linked to the UK Kennel Club
pedigree database using microchip numbers, there was
>99% agreement for breed and sex and 97% agreement
for the date of birth within 90 days (D.G. O’Neill,
unpublished results). The validity of these variables was
therefore suggested to be very good. Moreover, any misclassiﬁcation of these risk factors was likely to be nondifferential and unrelated to the disease diagnosed given all
these factors would have been recorded within the EPRs
prior to the detection of heart disease, thus at worst biasing ORs toward the null and reducing study power.
Although the predictive ability of the model was good,
the model ﬁt was poor suggesting important variables
not captured by our data might have improved the model
explanation of the data if available. Neuter status at the
time of diagnosis would have been useful to consider but
these data were not available at the time of data analysis.
Finally, a convenience sample of corporate and independently owned, companion animal veterinary clinics was
studied. Whilst charity or mixed-species practices might
diﬀer from our study population, data from a large number of practices were analysed, so the main conclusions
are likely to be generalizable to the practice-attending
dog population in England.
In summary, this study estimated a high prevalence
of HMs consistent with DMVD and highlighted that
geriatric, small- to medium-sized dogs were most likely
to receive a diagnosis. Individual breeds, sex, insurance
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status, and veterinary practice attended were also associated with DMVD. These results could aid practitioners and provide insight into factors inﬂuencing
DMVD diagnosis in the primary-care setting.

Footnotes
a
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